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Abstract The aim of this study is to investigate the relationship between the presence of the cervical lymph node with central necrosis as on the preoperative imaging and postoperative histopathological identification of the lymph node extra capsular spread. This study is a prospective study conducted at J.L.N. Hospital and Research Centre, Bhilai (C.G), from August 2011 to January 2014. Thirty patients with metastatic head and neck squamous cell carcinoma were enrolled. All candidates were subjected to a detailed history taking and clinical examination. Their preoperative computed tomography (CT) scans were assessed with attention to the presence and absence of lymph node, lymph node size, shape, level, presence or absence of the lymph node central necrosis and other signs of the ECS such as thick walled enhancing nodal margin, loss of margin definition, alteration of adjacent fat planes. These patients then underwent surgery which included resection of the primary with the neck dissection. The preoperative records of the lymph node size and location were observed radio-graphically and analyzed with the resected lymph node histopathologically. These data was used for finding out correlation. Of the total 30 patients studied, 24 patients were male and 6 patients female with ratio of 4:1. The most common group of the patients were of malignancy of gingivobuccal sulcus. Out of the 30 patients 19 patients had the radiographic evidence of the central necrosis, out of which 11 had the extra capsular spread on the histological analysis. In no patients did we found histopathology extra capsular spread without central necrosis. Thus the central necrosis on the CT has the high sensitivity for detection of the extra capsular spread. Out of the 19 lymph node without extra capsular spread, 11 lymph nodes had no central necrosis on the preoperative CT, remaining 8 lymph node were having central necrosis on CT whereas post op histopathology of these 8 lymph nodes showed metastatic deposit, indicating the low specificity of the central necrosis in detection of the ECS. Lymph node central necrosis on pre-operative CT is sensitive indicator with a high negative predictive value for lymph node extra capsular spread. Future studies focusing on identifying molecular mediator involved in ECS to determine targets for adjuvant therapies in this subset of patients are recommended.
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Introduction
Head and neck cancer accounts for 3-4% of all malignancies with approximately 65,000 new cases detected every year, of which 90% of these cancer are squamous cell carcinoma. [1] Cancer management and prognosis depends to a great extent on the presence and the degree of the tumour metastasis. These are evaluated by staging tumour according to the internationally accepted tumour node metastasis (TNM) system. This staging classification includes; Stage 0-pre-invasive neoplasia; Stage 1-tumour confined to the organ of the origin; Stage 2-direct tumour spread outside the organ of the origin; Stage 3-metastasis to the regional lymph node and Stage 4-metastasis to distinct site. With each successive increase in stage in the TNM system, it indicates a significant decrement in the prognosis. Presence of the nodal metastasis is the poor prognostic indicator and if the extra capsular spread is present it reduces the five year survival rate by 50% and approximately 1.5 to 3.5-fold increase in regional recurrence [2] [3] [4] . Extra capsular spread is the most important predictor of the survival, loco regional recurrence and the distant metastasis. The spread of the metastatic disease beyond lymph node capsule demands aggressive therapy directed towards loco regional disease. Therefore the ability to predict lymph node extra capsular spread prior to the treatment may be helpful in guiding subsequent therapy both in nonsurgical case (which would benefit from the concurrent chemotherapy) and in the surgical case (which would require adjuvant chemotherapy). Extra nodal spread and microscopically involved resected margin are most significant prognostic predictors of the poor outcome, and also two of the strongest indication of adjuvant radiotherapy [5] . Improvement in radiological accuracy of preoperative detection of extra capsular spread aids in planning of adjuvant radiotherapy. The loco regional control rates can be improved with addition of the chemotherapy. [6] . The main therapeutic implication of our current finding involves the role of the adjuvant treatment.
The present study uses computed tomography for the lymph node assessment and the central necrosis in the lymph node as the diagnostic criteria for the extra capsular spread. The purpose of this study is to determine the sensitivity, specificity and predictive value of CT criteria (central necrosis) for diagnosis of the extra nodal spread of metastatic head and neck carcinoma. Histology reports were used as the gold standard for comparison. The primary aim of the study is to investigate the relationship between the presence of the cervical lymph node with central necrosis as on the preoperative imaging and postoperative histopathological identification of the lymph node extra capsular spread.
Materials and Methods
This is the prospective study carried in the Department of the ENT, Jawaharlal Nehru hospital and research centre, Bhilai (C.G), a multi disciplinary 860 bedded tertiary and referral hospital, providing free medical services to the employees and their dependants of Bhilai Steel Plant. It also caters to referred employees of other related industries, local nursing homes, private practitioners, district hospitals and health centers. This study was carried out from August 2011 to January 2014.
Inclusion Criteria of the Patients
• Patients with squamous cell carcinoma of head and neck with cervical lymphadenopathy.
• Patients who underwent surgery as the primary modality of treatment.
Exclusion Criteria of the Patients
• Cases of squamous cell carcinoma, who received radiotherapy as primary treatment, were excluded from study.
• Patients with N0 neck(radiologically).
• Malignant neoplasm other than squamous cell carcinoma, • Delay in surgery longer than 6 weeks from the time of staging computed tomography, • Neck metastases appearing after surgery/radiotherapy were excluded.
A preoperative study of the lymph node size, level and mobility was made. All these patients underwent contrast enhanced computed tomography. The preoperative CT scans were assessed by the expert radiologist with attention to presence and absence of lymph node, lymph node size, shape, level, presence or absence of the lymph node central necrosis as well as other signs of the ECS such as thick walled enhancing nodal margin, loss of margin definition, alteration of adjacent fat planes. These patients then underwent surgery which included resection of the primary with the neck dissection. The specimen was oriented by having lymph node level 1 to level 5 marked individually with flags. The resected surgical specimen was then examined by the pathologist specifically noting the size, shape, number; central necrosis, macroscopic and microscopic signs of the extra capsular spread, calcification and fibrosis.
The preoperative records of the lymph node size and location were observed radio-graphically and analyzed with the resected lymph node histopathologically.
Statistical Analysis
The data was used to correlate radiological identification of the lymph node central necrosis with the histopathological finding of the lymph node extra capsular spread. The sensitivity; specificity; positive predictive value and negative predictive value of CT were calculated.
• True positive; it is defined as CT showing central necrosis, and histopathology showing ECS.
• True negative; it is defined as the CT is negative for central necrosis and histology does not show ECS.
• False positive; CT shows central necrosis but histology is negative for ECS.
• False negative; CT negative for central necrosis but histology is positive for ECS.
Sample Size
On an average about 100 cases of the malignancy come in ENT OPD annually at JLN hospital. Many patients did not give consent for the study. Finally a sample size of 30 patients fulfilling above inclusion and exclusion criteria was taken and considered for statistical analysis.
Observation and Results
Out of the total 30 patients studied, 24(80%) patients were male and 6(20%) patients female with a sex ratio of 4:1 ( Fig. 1 ). The mean age was found to be 52.97 ± 15.23. The primary tumour site involvement of the overall 30 patients is as shown in Table 1 . Majority of the patients (43.33%) were having malignancy of the gingivobuccal sulcus. All the patients, underwent preoperative CT scans followed by the surgery (neck dissection), the mean interval between CT and surgery was 30 days. Taking into consideration central necrosis, Out of the 30 patients 19 patients had the radiographic evidence of the central necrosis whereas 11 patients did not showed central necrosis. Out of 19 patients whose pre-op CT showed central necrosis; 11 had ECS and remaining 8 did not have ECS on histopathological examination. In no patients did we histopathologically found extra capsular spread without central necrosis. Thus the central necrosis on the CT has the high sensitivity for detection of the extra capsular spread.
Now if we consider patients with ECS; 11 lymph node had ECS whereas 19 lymph node had no extra capsular spread on histopathological analysis. On analysis of these 19 lymph nodes without ECS we found that 11 lymph nodes had no central necrosis on the preoperative CT whereas remaining 8 lymph node were having central necrosis on CT and post op histopathology of these 8 lymph nodes showed only metastatic deposit, indicating the low specificity of the central necrosis in detection of the ECS (Tables 2, 3 ; Fig. 2a-d) .
In no case did we observe more than one lymph node with radiographic central necrosis or histopathological ECS in a single nodal station, which helped ensure reliable clinico pathological matching.
Mean nodal diameter of the lymph node with ECS (2.89 cm) and those without ECS (2.33) did not differ much However it was found that lymph node showing central necrosis on preoperative CT scanning were significantly larger than those without central necrosis (2.89 vs 2.33, respectively) providing a P value of 0.27 which is not statistically significantly (Table 4) . There were 4 patients in the study group who did not have clinically palpable lymph node and CT showed lymphadenopathy. Out of this one lymph node was positive for ECS.
Accuracy of CT for the detection of extra capsular spread was as mentioned in (Table 5) . We observed that for determination of histopathological ECS, a finding of the lymph node central necrosis on the preoperative CT has a sensitivity of 100% and specificity of 57.89% with the PPV 57.89% of and NPV of 100%.
Discussion
The best radiological predictor of lymph node metastasis is the finding of the central necrosis which has been reported to carry nearly 100% accuracy in predicting the presence of the metastatic disease [7, 8] . The detection of the malignant disease is based on the fact that as cancer cell invade the lymph node, its size shape and character changes so that as it enlarges, its centre dies and appears as necrosis, and there is the thin rim of the inflammation around edges, which shows up on scanning as the rim enhancement (Fig. 3a-d) . On CT lymph node central necrosis is defined as a central area of the low attenuation surrounded by a rim of the enhancing tissue (Fig. 4a-d) . The entities that mimic central necrosis are lipid metaplasia and abscess. Lipid metaplasia is the fatty degeneration secondary to the inflammation or irradiation and is usually found at the periphery of the lymph node, while central necrosis is in the centre. Abscess can be differentiated from central necrosis clinically. Similar imaging finding can be seen on MRI, including a focal defect in enhancement centrally on gadolinium enhanced T1 weighted images. This non enhancing central region is typically hyper intense on fat suppressed T2 weighted images, but may show variable signal characteristic depending on the makeup of the necrotic tissue.
Although it is difficult to apply these characteristic to small foci of necrosis less than 3 mm in size but CT and MRI are generally accurate in diagnosing central necrosis with sensitivity 91 and 93% and specificity of 93 and 89% respectively [9] . Although some studies have suggested that CT is superior to MRI in detection of central nodal necrosis. Both are more sensitive than US [9, 10] .
Once the presence of the regional metastasis is confirmed, staging is the next important step. With guidelines determined by the American joint committee on cancer, lymph node staging is ranging from Stage Nx to Stage N3 as given by UICC, 2009; Sobin et al. [11] .
There are several other additional feature that must be known preoperatively as they have significant impact on prognosis and management. These features are Presence of the extra capsular extension, Carotid encasement/invasion and Extension/fixation to skull base. Of these factors preoperative knowledge of the extra capsular spread is important. Extra nodal spread positive nodes are defined as those with macroscopic or microscopic cancer spread beyond the nodal capsule. The presence of extra capsular extension of metastatic disease increases the local recurrence rate by 3.5 times, when compared with the absence of nodular metastasis or metastatic adenopathy without extra capsular spread in patients with squamous cell cancer [4] . When 2 or more nodes shows extra capsular spreads regional recurrence rate is 58.3% and the rate of distant metastasis is 33.3% with median survival of less than 1 year [12] . It is also likely that ECS may have differential impact depending on primary site. For instance Oosterkamp et al. [13] showed that ECS adversely affect the survival in laryngeal cancer the risk of metastasis nine times compared to a three times greater risk in patients without this finding. Currently it is not clear whether or not ECS represents an increase in tumour burden or increase in tumour aggressiveness. As previously described by, Toker demonstrated that primary deposit of tumour emboli within the node capsule may lead to ECS occurring quiet early in the metastatic process [14] and as such may represent an anatomical variation rather than an aggressive tumour.
Lymph node size is also an indicator of extra capsular spread. Although 25% of the malignant lymphnode B 1 cm in size may be associated with microscopic extra capsular extension, 75% the node C3 cm are associated with such extra capsular spread [3, 15] . Extra capsular spread is a histological diagnosis. Histological grading system [16] includes following grades which plays a vital role in the overall outcome. a. Grade 0-tumor within substance of lymph node so surrounded by a rim of lymphoid tissue or tumor in sub capsular sinus without associated thickening of the capsule (Fig. 5a-d) . b. Grade 1-tumor filling sub-capsular sinus with thickened capsule, but no irregular edge or obvious extension of tumor beyond the capsule (Fig. 6a-d ), c. Grade 2-tumor extending less than or equal to 1 mm beyond the capsule, d. Grade 3-tumor extending more than 1 mm beyond the capsule, (Fig. 7a-d ). e. Grade 4-masses of tumor with no residual nodal tissue or architecture such as discrete lymphoid tissue with germinal centers or a sub capsular sinus.
Radiological criteria suggesting extra capsular spread with respective imaging modalities such as on USG metastatic lymph node tends to have distinct margin but an indistinct margin raises the possibility of extra capsular spread of disease whereas CT scan [10, 17] may show Nodal capsule enhancement, infiltration of adjacent fat or muscle planes and capsular contour irregularity while on MRI [18] Nodal size (short axis diameter), Obliteration of fat spaces between metastatic node and adjacent tissue, such as muscle and skin on T1 weighted images (vanishing border sign.), Presence of high intensity signals in the interstitial tissue around and extending from metastatic node on fat suppressed T2 images (flare sign) and Irregular nodal margin on gadolinium enhanced T1 weighted images (shaggy margin) may reveal extra capsular spread of disease.
Considering Accuracy of the various radiological techniques, Steinkamp et al. [19] and Tartaglione et al. [20] mentioned that USG is acceptably sensitive but less specific for detection of extra capsular spread; CT has a Sensitivity of 81% and specificity of 72% while MRI provides Sensitivity of 55-77% and specificity of 57-72%. MRI precontrast T1 and T2 images are more sensitive than gadolinium enhanced T1 weighted images. So it is clear that there are well established radiological parameter of the extra nodal spread, but it not known whether an association exists between radiographic lymph node central necrosis and histopathological extra capsular spread.
According to Gil et al. [21] there are many aspects that affect outcome of patients with a malignant head and neck tumour. These relate to the tumour (the anatomical site and the clinical and pathological extent of the disease), the host (age, general condition and any intercurrent disease of the patient) and management (treatment options, expertise available, patient preference.) By the time of diagnosis, Indian J Otolaryngol Head Neck Surg (July-Sept 2017) 69(3):323-332 327 according to Lindberg et al. [22] about half of the patients with head and neck SCC present with regional lymph node metastasis. Nevertheless, metastasis in the lymph nodes seems to be the most important prognostic factor in these patients and the presence of ECS has been proven to be a reliable prognostic indicator. Since the first description by Bennett et al. [23] several studies have concluded that extra nodal extension of metastasis of head and neck SCC portends a poor prognosis. Radiological detection of the extra nodal spread has not been well reported in literature. Various imaging technique can be used but CT scan has been reported to be more accurate. Yousem et al. [24] obtained good results in predicting ENS by using MR imaging (78-90% accuracy), but they estimated the diagnostic ability of MR imaging compared with a gold standard using CT on the CT-proof basis instead of pathology, suggesting that CT is more accurate than MR imaging. Souter et al. [25] using enhancing nodal margin, loss of margin definition and alteration in adjacent fat plane as criteria for ECS, reported the positive predictive value of CT for diagnosis of the extra nodal spread, in hands of the experienced to be between 85 and 87%. Our study used central necrosis as the criteria for the predictor of ECS.
A heterogeneous group of patients with squamous cell carcinoma of the various sites were present in our study group, most common site was found to be gingivobuccal sulcus. Given the prevalence of the false negative clinically N0 neck those patients with the clinically N0 neck but CT showing sign of the lymphadenopathy were included in the study. Carvalho found a rate of 22.8% of false-negative N0 necks, [4] while Otzturkcan et al. [26] and Snyderman et al. [3] had a rate of 32.2 and 20.0%, respectively, false-negative N0 patients for supraglottic SCC.Our study included 4 patients who did not have clinically palpable node but showed lymphadenopathy of these two were positive for metastasis.
In the present study, final analysis indicated that the sensitivity and specificity of radiographic lymph node central necrosis in detecting extra capsular spread were 100 and 57.9%, respectively, and that radiographic lymph node central necrosis had a positive predictive value of 57.8% for extra capsular spread. Furthermore, radiographic lymph node central necrosis had a high negative predictive value, 100%, thus indicating that a patient without radiographic central necrosis will probably not have extra capsular spread.
Zoumalan et al. [27] in a similar study reported that the sensitivity and specificity of Radiographic lymph node central necrosis in detecting extra capsular spread were 95 and 85%, respectively, with a positive predictive value of 68.8% a high negative predictive value, 98%. Dr. Randall et al. [28] in a multivariate logistic regression study to indentify parameters independently predicting pathological ECS found that, central necrosis was the significant predictor of ECS (odds ratio OR 12.1, 95% confidence interval = 1:4) Central necrosis predicted ECS with 91% sensitivity and 88% negative predictive value.
In the current study, pre-operative CT scanning indicated that lymph nodes with central necrosis were on average larger than those without necrosis; however, final histopathological analysis showed that the mean diameter of nodes with and without extra capsular spread did not differ In order to demonstrate that extra capsular spread was common in lymph nodes smaller than 3 cm in size, Johnson and colleagues conducted two studies; both showed that extra capsular spread was found in approximately 60% of patients with cervical metastases consisting of nodes less than 3 cm in diameter. [2, 29] In our study one lymph node was identified which was clinically not palpable and CT scan showed sub centric hypo dense node and it was positive for ECS. This can be explained because one of the modes of the spread though less common involves tumour cell lying in the sub capsular sinus spreads directly and quickly through the capsule without the bulk of disease involving the lymph node first. This will lead to ECS occurring quite early in the metastatic Process [9] .
Metastatic lymph node extra capsular spread may be most common in patients who develop distant metastases. In a retrospective cohort of 130 patients, Alvi and Johnson found that 88% of patients with distant metastases had lymph node extra capsular spread, compared with only 60% without distant metastases (p \ 0.001) [30] . Lefebvre et al. Obtained similar results in a retrospective study of patients with hypo pharyngeal and laryngeal cancer [30] . Patients with more than three metastatic lymph nodes and lymph node extra capsular spread had approximately three times the rate of distant metastases, compared with patients without nodal metastasis or extra capsular spread.
Conclusion
• The finding of lymph node central necrosis on pre-operative computed tomography (CT) is associated with • Central necrosis on CT has high sensitivity for lymph node extra capsular spread but low specificity as central necrosis is also indicative of the metastatic deposit in lymph node.
• Lack of such central necrosis has a high negative predictive value for lymph node extra capsular spread. But presence of the central necrosis does not always indicate ECS it may indicate metastatic deposit also.
• Extra nodal spread is significant prognostic predictors of the poor outcome, and is the strongest indication of adjuvant radiotherapy. ECS is associated with significant loco regional recurrence, which can be improved with addition of the chemotherapy. So if ECS is detected preoperatively surgery should be more radical followed by post of chemo radiation.
• There are many studies related to prognostic significance of the ECS and the radiologic diagnostic criteria but very few on the molecular markers of the ECS, so future studies are recommended which should focus on identifying molecular mediator involved in ECS to determine targets for adjuvant therapies in this subset of patients.
• Given its low number of patients, the current study can only generate hypothesis, a larger scale study of this type would be worthwhile.
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